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The genus Tribolium Desv. forms part of the tribe Danthonieae and is endemic to southern Africa. This genus 
comprises twelve species and is subdivided into three sections, namely Tribolium, Acutiflorae and Uniolae. This is 
the first study on embryo sac development in this genus. The ovaries are monolocular with a single anatropous 
ovule. The nucellus is uniseriate and is protected by a multicellular integument. Polygonum-type embryo sac 
development is present in all species. Additional to the development of reduced embryo sacs, unreduced embryo 
sac development of the Hieracium-type has been observed in diploid specimens of T. echinatum (Thunb.) Desv., 
T. uniolae (L. f.) Renv. and T. utriculosum (Nees) Renv. 
Die genus Tribolium Desv. behoort tot die tribus Danthonieae en is endemies tot suidelike Afrika. Die genus 
bestaan uit twaalf spesies en word onderverdeel in drie seksies, naamlik Tribolium, Acutitlorae en Uniolae. Hierdie 
is die eerste studie van kiemsakontwikkeling in die genus. Die vrugbeginsels is eenhokkig met 'n enkele ana trope 
saadknop. Die nusellus bestaan uit 'n enkele sellaag en word om ring deur 'n integument wat uit verskeie sellae 
bestaan. Kiemsakontwikkeling van die Polygonum-tipe kom by al die spesies voor. Afgesien van die ontwikkeling 
van gereduseerde kiemsakke, is ontwikkeling van ongereduseerde kiemsakke van die Hieracium-tipe waargeneem 
in diplo"lede eksemplare van T. echinatum (Thunb.) Desv., T. uniolae (L. f.) Renv. en T. utriculosum (Nees) Renv. 
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Introduction 
The genus Tribolium Desv. is endemic to southern Africa and 
forms part of the tribe Danthonieae. This genus is tripartitely 
subdivided, the sections being Tribolium [T. ciliare (Stapf) 
Renv., T. echinatum (Thunb.) Desv., T. hispidum (Thunb.) 
Desv., T. utriculosum (Nees) Renv.], Acutiflorae [T. acutiflor-
um (Nees) Renv., T. glomeratum sensu Davidse, T.obliterum 
sensu Davidse, T. obtusifolium (Nees) Renv.] and Uniolae 
[T. alternans (Nees) Renv., T. amplexum (Renv.), T. brachy-
stachyum (Nees) Renv., T. uniolae (L. f.) Renv.] (Renvoize 
1985; Visser & Spies 1994). 
A cytogenetic study revealed that the genus Tribolium has a 
basic chromosome number of six and that polyploidy is fre-
quently encountered in the genus (Spies et al. 1992). Poly-
ploidy is often associated with apomixis (Stebbins 1971). No 
investigation to determine the mode of reproduction within this 
genus, has been done. A study of embryo sac development 
would indicate whether reduced or unreduced embryo sacs are 
formed, and the sexual or apomictic nature of the species could 
then be inferred. 
Materials and Methods 
Cytogenetic material and herbarium voucher specimens were col-
lected in the field. Voucher specimens are housed in the Geo Potts 
Herbarium, Department of Botany and Genetics, University of the 
Orange Free State, Bloemfontein (BLFU). The various specimens 
collected and their localities are listed below. 
Specimens examined 
Section Tribolium 
Tribolium ciliare 
-3420 (Bredasdorp): De Hoop Nature Reserve (-CA) , Spies 
4630. 
T. echinatum 
-3017 (Hondeklipbaai): 6 km from Kamieskroon to Leliefontein 
(-BB) , Spies 4933; 31 km from Socbatsfontein to Kamieskroon 
(-BB), Spies 4293. 
-3318 (Cape Town): 34 km from Velddrift to Piquetberg (-BB), 
Spies 4581 . 
T. hispidum 
-3118 (Vanrhynsdorp): 157 km from Kamieskroon to Vanrhyns-
dorp (-DA), Spies 4944; Gifberg Pass (-DC), Spies 4320. 
-3119 (Calvinia): 41 km from Vanrhynsdorp to Nieuwoudtville 
(-AC), Spies 4357. 
-3218 (Clanwilliam): Near bridge over Olifants River west of 
Kriedouwskrans (-BD), Spies 4993. 
-3420 (Bredasdorp): near turn-off to Elim on road between 
Bredasdorp and Struisbaai (-CC), Spies 5039. 
T. utriculosum 
-2917 (Springbok): 82 km from Springbok to Port Nolloth 
(-BA), Spies 4886; 13 km from Springbok to Hondeklipbaai 
(-DB), Spies 4275. 
Section Acutiflorae 
T. acutiflorum 
-3318 (Cape Town): on top of Bothmaskloof (-BC), Spies 4427. 
-3420 (Bredasdorp): 2 km from Waenhuiskrans to Bredasdorp 
(-CA), Spies 4619. 
T. glomeratum 
-3319 (Worcester): Du Toit's Kloof (-CA), Spies 4614. 
-3320 (Montagu): 44 km from Montagu to Touwsrivier (-CC), 
Spies 5059. 
T. obliterum 
-3319 (Worcester) : Du Toit's Kloof (-CA), Spies 4614. 
-3320 (Montagu): 61 km from Montagu to Touws River (-CD), 
Spies 4539a, 4539b, 4613 . 
-3419 (Caledon): 37 km from Caledon to Bredasdorp (-AB). 
Spies 5032. 
-3420 (Bredasdorp): 3 km from Waenhuiskrans to Bredasdorp 
(-CA). Spies 5041; De Hoop Nature Reserve (-CA). Spies 4511, 
4631,5049; 67 km from Bredasdorp to Malgas (-CB). Spies 5044; 
11 km from Breda~dorp to Cape Agulhas (-CC), Spies 5034. 
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Section Uniolae 
T. brachystachyum 
-3319 (Worcester): 14 km from Wellington to Wolseley in 
Bainskloof (-CA), Spies 3875; 38 km from Worcester to Paarl in 
Du Toit's Kloof Pass (-CA), Spies 3893. 4611; on top of Du 
Toit's Kloof Pass (-CA), Spies 5014. 
T. uniolae 
-3119 (Calvinia): 41 km from Vanrhynsdorp to Nieuwoudtville 
on top of Van Rhyns Pass (-AC), Spies 4962; Klawer/Elizabeth-
fontein intersection on the Niewoudtville road (-CD), Spies 4987. 
-3218 (Clanwilliam): 34 km from Velddrift to Piquetberg on top 
of Versfeld Pass (-DO), Spies 4585. 4585. 5008. 5009. 5010, 
5011. 
-3318 (Cape Town): 2 km east of Mamre (-CB), Spies 5012; 18 
km from Wellington to Worcester via Bainskloof (-DB), Spies 
4440. 
-3319 (Worcester): 14 km from Wellington to Wolseley (-CA), 
Davidse 33926a; Du Toitskloof Pass (-CA), Spies 4449, 4609, 
5015,5016,5017,5025; Franschhoek Pass (-CC), Davidse 33859, 
Spies 4589, 4590, 4591, 5024, 5026, 5029, 5030; 4 km from 
Villiersdorp to Worcester (-CD), Davidse 34123. 
-3418 (Simonstown): Sir Lowry's Pass (-BB), Spies 4612. 
-3419 (Caledon): 8 km from Bot River to Villiersdorp (-AA), 
Davidse 33839; Viljoens Pass (-AA), Spies 4652; Shaw's Pass 
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(-AD), Davidse 34114; Akkedisberg Pass between Stanford and 
Riviersonderend (-BC), Davidse 34109; 37 km from Caledon to 
Bredasdorp (-DB), Spies 5031. 
-3420 (Bredasdorp): 1 km from De Hoop Nature Reserve (-AD), 
Spies 4625,5052; Elim tum-off at Bredasdorp (-CA), Spies 5036. 
Inflorescences were fixed in Carnoy's fixative for 24 - 48 hand 
stored in 70% ethanol. Anthers were squashed in 2% aceto-
carmine (Darlington & LaCour 1976). Permanent squashes were 
obtained by freezing with liquid CO2 (Bowen 1956), followed by 
dehydration in ethanol and mounting in Euparal. A Nikon Micro-
phot photomicroscope and Ilford Pan-F film (AS A 50) were used 
for the photomicrographs. At least ten cells per specimen were 
studied in order to determine the haploid chromosome number. 
Embryo sac development was examined in the ovules of the 
same inflorescences that had been used for meiotic analysis. 
Florets in various developmental stages were used for the embryo 
sac study. Inflorescences were dehydrated with ethanol and ter-
tiary buthanol before being embedded in a postulated Paraffin 
wax. Sections (6 j..l.m) were cut with a rotary microtome, mounted 
and stained with safranin and fast green (Spies & Du Plessis 
1986). A minimum of twenty embryo sacs per specimen were 
studied. 
Table 1 List of specimens used during the embryological study, with their taxonomic affiliations and haploid 
chromosome numbers 
Section Tribolium Section ACuJifiorae Section Unioiae 
Tribolium ciliare Spies 4630 6 T. acutiflorum Spies 4427 12 T. brachystachyum Spies 3875 12 
Spies 4619 12+0-1B Spies 3893 12 
T. echinatum Spies 4293 6+0-3B Spies 4611 12 
Spies 4581 6+0-3B T. glomeratum Spies 4614 12 Spies 5014 12 
Spies 4933 6+0-3B Spies 5059 18 
T. unioiae Davidse 33859 12+0-2B 
T. hispidum Spies 4320 6 T. obliterum Spies 4511 12+0-1B Davidse 33839 18+0--4B 
Spies 4357 6+0-1B Spies 4539a 12+0-2B Davidse 33926a 12 
Spies 4944 6+0-1B Spies 4539b 12+0-3B Davidse 34114 12 
Spies 4993 6 Spies 4613 12 Davidse 34109 12 
Spies 5039 12+0-1B Spies 4614 12 Davidse 34123 12+0-2B 
Spies 4631 12+0-1B Spies 4440 12 
T. uJricuiosum Spies 4275 6+0-1B Spies 5032 12+0-1B Spies 4449 12 
Spies 4886 6 Spies 5034 12 Spies 4585 6 & 12 
Spies 5041 12 Spies 4589 12+0-2B 
Spies 5044 12+0-2B Spies 4590 12+0-3B 
Spies 5049 12 Spies 4591 12+0-1B 
Spies 4609 12+0-2B 
Spies 4612 12+0-2B 
Spies 4625 12 
Spies 4652 12 
Spies 4962 12 
Spies 4987 12 
Spies 5008 12 
Spies 5009 12 
Spies 5010 12 
Spies 5011 18 
Spies 5012 18 
Spies 5015 12+0-2B 
Spies 5016 12+0-1B 
Spies 5017 12+0-1B 
Spies 5024 12+0-1B 
Spies 5025 12+0-2B 
Spies 5026 12 
Spies 5029 12+0-2B 
Spies 5030 12+0-1B 
Spies 5031 12 
Spies 5036 12 
Spies 5052 12 
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Results 
The study of chromosome numbers in the genus revealed that 
section Tribolium is usually diploid, with some tetraploid T. 
hispidum specimens (Table 1). Section Acutij10rae is usually 
tetraploid with T. glomeratum being the only hexaploid species 
(Table 1). The widest range of ploidy levels present occurs in 
section Uniolae. Although T. brachystachyum is tetraploid, 
ploidy levels in T. uniolae vary, and diploid (very rare), 
tetraploid and hexaploid specimens were observed (Table 1). 
Section Tribolium has from two to four florets per spikelet, 
section Acutij10rae has from three to six and Uniolae has four 
to nine florets per spikelet. The developmental stages of the 
various embryo sacs differ and the more mature ovules are the 
closest to the pedicel. The anatomy of the ovaries and ovules 
of the different sections correspond. 
The ovaries are monolocular with a single anatropous ovule. 
The nucellus in each of the ovules of Tribolium is uniseriate 
and is protected by a multicellular integument (Figure lA). The 
integument completes its development at a rather late stage. In 
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all the species a hypodermal archesporium cell acts directly as 
a macrospore mother cell (Figures lA, 2A), that divides 
meiotically (Figure 2B) to form a linear tetrad of macrospores 
(Figure IB). Subsequently, the functional chalazal macrospore 
(Figures IB, 2C) develops into an eight-nucleate Polygonum-
type embryo sac (Figures Ie-F). 
The egg cell and synergids are large, elongate or pear-
shaped cells (Figure IF) at the micropylar pole of the embryo 
sac. These three cells show a triangular arrangement and form 
the egg apparatus (Figure IF). The polar nuclei are situated in 
the vicinity of the egg apparatus in the mature embryo sac 
(Figure IF). In the earlier stages, the two polar nuclei can be 
found in the middle of the central cell. 
The unreduced embryo sac develops from somatic cells ly-
ing in the centre of the nucellus near the chalazal pole of the 
macrospore mother cell, dyad or macrospore (Figures 2D-I). 
For some unreduced embryo sacs, the integument around the 
nucellus stays open and never closes totally. 
Figure 1 Photomicrographs of embryo sac development in Tribolium ciliare (Spies 4630). A. Archesporium (AR). B. Tetrad with 
functional macrospore. C. Two-nucleate embryo sac (N). D. Four-nucleate embryo sac (N) . E. Three antipodal cells of mature 
reduced embryo sac (A). F. Two polar cells (P) near egg apparatus (EA). 
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Figure 2 Photomicrographs of embryo sac development in Tribolium. A. Archesporium (AR). B. Diad (D). C. Functional macro-
spore (M). D. One nucleus (N) of a bi-nucleate reduced embryo sac and unreduced embryo sac (AE) (T. echinalum) (n = x = 6) (Spies 
4581). E. Second nucleus (N) of reduced embryo sac (T. echinalum) (n = x = 6) (Spies 4581). F. Bi-nucleate unreduced embryo sac 
(A E) (T. echinalum) (n = x = 6) (Spies 4581) . G. One nucleus (N) of unreduced embryo sac (T. uniolae) (n = x = 6) (Spies 4585) . 
H. Two unreduced embryo sacs, one with two nuclei (AE) (T. uniolae) (n = x = 6) (Spies 4585). I . Four-nucleate unreduced embryo sac 
(N) (T. uniolae) (n = x = 6) (Spies 4585). 
Discussion 
The chromosome numbers and ploidy levels observed in all the 
species during this study (Table I), correspond with the num-
bers described by Spies et at. (1992). 
Three sections are identified within the genus Tribolium, 
namely the proposed sections Tribolium, Acutiflorae and 
Uniolae (Visser & Spies 1994). The species vary morphologic-
ally, thus suggesting hybridization. Natural hybridization is 
common in grasses (Ehrendorfer 1980). With hybridization, 
the variability in populations is increased. Tribolium is 
genetically variable and this variability probably allows the 
annual and perennial species within this genus to take advan-
tage of new habitats, as they become available, since these 
species are pioneer grasses. They are found in disturbed 
habitats and are usually one of the first types of vegetation to 
occupy a disturbed area. 
The putative hybrids between the various Tribolium species 
may be sterile owing to the lack of chromosomal compatibility 
and polyploidy. This tendency towards sterility could be 
advantageous in a variant well adapted to a stable habitat, for 
the elimination of the sexual process stops gene exchange and 
thus preserves combinations of favourable characters. It is 
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essential for reproduction that sterility does not eliminate the 
production and dispersal of seeds. Therefore , these hybrids 
usually set seed through the process of apomixis. During this 
process, the ovules develop without fertilization into seeds that 
carry the same genes as the parent. In this way, a favourable 
variant can be perpetuated for many generations and the adap-
tation for seed dispersal in the species can continue to operate. 
The sterility resulting from hybridization and polyploidy is not 
absolute. There is usually a low incidence of sexual reproduc-
tion that maintains variability. If the environment changes or a 
new habitat becomes available, it is likely that yet another form 
will be well adapted to the new situation (Ehrendorfer 1980). 
A prerequisite for hybridization is the formation of reduced 
embryo sacs. Therefore, the embryo sac development of differ-
ent species has been studied. The development of reduced 
embryo sacs in Tribolium corresponds to the development 
usually observed in other grasses. In most angiosperms, the 
three micropylar macrospores degenerate and only the chalazal 
macrospore develops (Davis 1966). This is the case in the 
genus Tribolium (Figure IB). The egg apparatus is attached to 
the embryo sac wall bordering at the extreme micropylar pole 
only (Willemse & van Went 1984). In Tribolium, the cells of 
the egg apparatus have approximately the same length. 
Three modes of reproduction are present in the genus Tri-
bolium, namely sexual reproduction and two different forms of 
asexual reproduction, namely apomixis and vegetative repro-
duction through rhizomes and stolons. All species of the genus 
Tribolium studied, reproduce sexually by the formation of 
Polygonum-type embryo sacs . The embryo sac of the different 
species corresponded and cannot be used to distinguish among 
the species. 
Apomixis in the angiosperms means asexual (agamic) repro-
duction by seeds, i.e. agamospermy (Nogler 1984). The pro-
cess of apomixis leads to offspring that, normally, are 
genetically exact copies of the mother plant. Two types of 
agamospermy are known, namely adventitious embryony and 
gametophytic apomixis (diplospory and apospory). Diplo-
sporous embryo sacs develop from generative cells and 
aposporous ones from somatic cells. Unlike Mogie (1992), we 
used the following definitions for the purpose of this study: 
reduced embryo sacs (embryo sacs in which meiosis occurs) 
imply sexual reproduction, whereas unreduced embryo sacs 
imply asexual (or apomictic) reproduction. Sexual reproduction 
is the result of double fertilization, where the offspring contain 
genetic material from both parents. Asexual reproduction may 
include single fertilization (pseudogamous fertilization), where 
the pollen donor does not contribute to the genetic composition 
of the offspring. With these definitions, the double fertilization 
of unreduced embryo sacs, resulting in polyploid lineages 
(Harlan & De Wet 1975; Lewis 1980), is excluded. We believe 
that it is justifiable to exclude these specific cases, since no 
such lineages (often containing uneven ploidy levels) have 
been observed in any of the species studied. The unreduced 
embryo sacs observed in the genus Tribolium, therefore imply 
aposporous reproduction (Figures 2D-I). 
Polarization and orientation of the spindle during the first 
mitosis are parallel to the nucellus, therefore, the embryo sac is 
bipolar and typical of the Hieracium-type (Rosenberg 1908). 
The Hieracium-type is an eight-nucleate embryo sac. Apomic-
tic reproduction was found within three diploid specimens. 
These specimens were representatives of the species T. echina-
tum (Spies 4581), T. uniolae (Spies 4585) and T. utriculosum 
(Spies 4886). Two of the species, T. echinatum and T. utricu-
losum, are annuals, whereas T. uniolae is a perennial species. 
These specimens were facultative apomicts, since they had 
coexisting apomictic and sexual modes of reproduction. Both 
types of reproduction were sometimes found within the same 
ovule of some species, such as T. echinatum (Spies 4581). 
Since apomixis in diploid specimens has previously been found 
in only a few species, a thorough examination should be 
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launched to determine the causes and possibility of such a 
phenomenon within the diploid species of this genus. No 
degeneration of either type of development has been observed. 
Usually, there is a single aposporous initiation point per 
ovule (Nogler 1984). In Tribolium, two or more aposporous 
embryo sacs are present and these aposporous embryo sacs are 
distributed throughout the interior of the ovule. It appears as if 
more than one initiation point for aposporous embryo sacs 
exists per ovule in T. uniolae. 
Apomixis is mostly associated with polyploidy (Stebbins 
1971) and is considered to be based on polygenic inheritance. 
Although the reproductive mode of the diploid specimens is 
sexual, they, nevertheless, contain some genes for apomictic 
reproduction. The expression of the limited number of genes is 
suppressed in certain ovules. During the process of polyploidi-
zation, the number of genes for the expression of apomixis 
increases and they are, therefore, expressed within the poly-
ploid individual. Apomixis was found in diploid species such 
as Ranunculus auricomus (Nogler 1984), Citrus and Potentilla 
(Stebbins 1971), as well as Tribolium. During this study, the 
exact reason for the occurrence of diploid apomictic specimens 
could not be determined. 
The embryo sac development in all Tribolium species, and 
therefore in all sections, corresponds. No differences in either 
the development or the morphological composition of any 
structure in the embryo sac can contribute to the separation of 
these taxa. The presence of apospory in diploid specimens 
indicates that our current knowledge of the genetic basis of 
apomixis should be re-evaluated . 
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